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(57) A memory controller is providing that has a 
clock line (7) for a clock signal; a data bus (2) for con- 
necting to at least one memory module (3 t 4, 5); a data 
latch (6) connected to the data bus (2), for latching data 
under control of a strobe signal; and a programmable 
delay (20) for providing the strobe signal in programmed 
timing relation to the clock signal. The programmable 



delay comprises, for example, a programmable delay 
line connected between the clock line (1) and an ena- 
bling input (9) of the data latch (6). This arrangement 
permits the timing of the strobe signal to be adjusted to 
compensate for changes in memory configuration and 
other system parameters. 
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Description 

Fiatd of the Invention) 

The present invention relates to a memory control- s 
Isr with a programmable strcbQ delay, tt also relates to a 
method for programming such a memory controller, and 
to a method for enhancing the reliability of data reading 
in a memory controller. 

TO 

Background off the IrwantiQEi 

The invention addresses the problem off reading 
data from memories. Figure 1 of the accompanying 
drawings shows a diagrammatic view of a conventional is 
memory controller 1 together with its associated data 
bus 2, and several memory modules 3. 4 and 5. The 
memory controller inter alia comprises a series 6 of data 
latches connected to the data bus 2. A memory clock 
signal MEMCLK is present on line 7 in the memory con- so 
trailer 1 and in the different memory modules. The 
memory controller 1 may transmit on line 8 a control sig- 
nal CTRL for reading data from the different memory 
modules, the timing of this signal being related to the 
clock signal MEMCLK. Data present on the memory bus ss 
may be latched in the data latches 6 when an input 9 of 
the latches is enabled by a strobe signal. The memory 
address control lines and memory write control lines are 
not represented in Figure 1. 

Figure 2 is a timing diagram of different signals in 30 
the device of Figure 1. In Figure 2, 10 is the memory 
clock MEMCLK signal on line 7. When data is to be read 
from the memory modules 3, 4, 5, a read signal CTRL 
1 1 is transmitted on line 8. A certain number of memory 
clock cycles later - say three in the case of Figure 2, the ss 
input 9 of the data latches 6 in the memory controller is 
enabled for latching the data coming from the memory 
modules 3, 4, 5, which is present on the data bus 2. Ref- 
erence 12 identifies the strobe signal for enabling the 
data latches 6, whereas 13, 14, and 15 identify the 40 
respective data sent on the data bus 2 by the different 
memory modules 3, 4, 5. Reference 16 identifies the 
data window, that is the time period during which the 
data from the memory modules 3, 4, and 5 may validly 
be read. 45 

In the Figure 1 system, the delay between the read 
control signal 1 1 and the strobe signal enabling the data 
latches at their input 9 is set by hardware, as shown in 
Figure 1 by the block 17 between CTRL line 7 and the 
input 9. so 

ft has also been proposed reed data into the latches 
6 every clock cycle, the strobe signal being generated at 
an appropriate time in each clock cycle to ensure proper 
reading of the data bus. However, the contents of the 
data latches is only considered valid a predetermined $a 
number of MEMCLK clock signal edges after assertion 
of the CTRL signal as counted by any appropriate cir- 
cuitry. In this approach, the strobe signal is a clock sig- 



nal formed by a delayed version of the clock signal 
MEMCLK, the delay between these two clocks being 
set, for example, by a conductive path of a given length 
on the memory-controller circuitboard, between two 
pins of the memory controller. 

The abcve-descrBxsd arrangements suffer from 
several drawbacks. First, they do not address the prob- 
lem of the effects of changes of configuration in the 
memory modules, and will therefore not operate for 
highly loaded and/or very high speed memories. Sec- 
ond, the computation of the strobe-signal delay is a dif- 
ficult task, and involves numerous experimentations for 
determining a correct statistical value of the delay. 

Sundry off thff i"v?milffn 

The present invention addresses the problem of 
data reading encountered in heavily loaded or high 
speed memory configurations. This problem arises 
where the memory bus is highly loaded, e.g. where 
there are four memory modules or more on the same 
memory bus; it also arises at high speed, for example 
1 CO MHz or more for the memory dock for synchronous 
memory systems. In this case, the difference of trans- 
mission time between the memory modules cannot be 
neglected: the data window 16 (see Figure 1) for read- 
ing the data may become fairly small, and even too 
small for ensuring correct reading of the data in all pos- 
sible configurations. 

Indeed, the data from each memory module may be 
read for a duration which is typically around 4 or 5 ns for 
a clock frequency of 125 MHz, and the data window 16 
may get reduced by the various skews in the system. 

Moreover, the invention addresses the problem 
arising from the fact that the position and duration of the 
data window 16 may depend on the actual load on the 
memory bus 2, which itself depends on the actual con- 
figuration of the memory modules. This configuration is 
not fixed, and may vary at any time according to the 
user's wish. These problems make it very difficult to 
design a memory controller that can run at full speed 
and reliably latch data whatever the memory configura- 
tion. 

The present invention provides a solution to the 
problem of providing a memory controller that may run 
at full speed reliably in any memory configuration, what- 
ever the load on the memory bus and the actual config- 
uration off the memory controller, and even for very high 
speeds. 

According to one aspect of the invention, there is 
provided a memory controller comprising: 

- a clock line for a clock signal; 

- data receiving means for connecting to at least 
one memory module; 

- data latching means connected to the data 
receiving means, for latching data under control of 
a strobe signal; and 
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programmable means for providing the strobe 
signal in programmed timing relation to the clock 
signal. 

In one embodiment, the programmable means s 
comprise a programmable delay operative^ connected 
between th© dock line and the data latching means. In 
another embodiment, the programmable means com- 
prise a programmable delay operatrvely connected 
between a memory-control line and the data latching 10 
means, the memory control line serving to carry a mem- 
ory-read signal produced in timed relation to the clock 
signal. 

Preferably, delay-programming means are provided 
for automatically programming the programmable 
means for providing the strobe signal, the programming 
means being operative to effect this programming, for 
example, upon power up of the system including' the 
memory controller. 

Advantageously, there are also provided in the sys- 
tem incorporating the memory controller: 

- first means for periodically measuring the value of 
a parameter indicative of the signal delay character- 
istics in the system in order to detect variations ss 
therein, and 

« second means responsive to variations in said 
signal delay characteristics detected by the first 
means, to incrementally change the programming 
of the programmable means to compensate said so 
programmed timing relation for seed variations. 



is 



so 



In both cases, step (0 preferably comprises chosing 
a value among a range of values for which step (d) gives 
a positive result 

It is also possible that step (e) is repeated for all 
poss&le programmable values. In this case, step (?) 
may ccmpris©: 

(g) determining ranges of values for which step (d) 
gives a positive result; 

(h) determining the largest of these ranges of val- 
ues; 

the programmable means being programmed to a value 
comprised in the largest of said ranges. 

According to a further aspect of the present inven- 
tion, there is provided a method for enhancing the relia- 
bility of data reading in a memory controller, comprising 
programming a delay between a clock signal and a 
reading strobe signal. This programming can be carried 
out at power-on 0? the memory controller. 

A memory controller embodying the invention will 
now be described, by way of non-limiting example, with 
reference to the accompanying drawings, in which: 
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According to another aspect of the present inven- 
tion, there is also provided a method for programming 
the programmable means in such a memory controller, 
the method comprising the steps of: 

(a) - programming the programmable means to a 
given value; 

(b) - using the memory controller to write data into 
memory means; 

(c) - using the memory controller to read the data 
written into the memory means; 

(d) - determining whether the data read in step (b) 
are identical to the data written in step (c); 

(e) - repeating steps (a) to (d) until step (d) gives a 
positive result for at least one given value. 

(0 • programming the programmable means to on© 
of said at least one given value. 

so 

Step (e) may comprise incrementing the given 
value, and in this case, once step (d) has given a posi- 
tive result, steps (a) to (d) are repoai^ until step (d) 
gives a negative result. 

Alternatively, step (e) may comprise decrementing ss 
the given value, and in this case, once step (d) has 
given a positive result, steps (a) to (d) are replied untfl 
step (d) gives a negative result 
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is a diagrammatic view of a conventional 
memory controller together with several 
memory modules; 

is a timing diagram of different signals in 
the device of Figure 1 ; 
is a diagrammatic view of a memory con- 
troller embodying the invention together 
with several memory modules; 
is a flow chart of a method for programing 
the strobe signal delay in accordance with 
the invention. 

shows a flowchart of another method for 
programming the strobe signal delay in 
accordance with the invention. 
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Figure 3 shows a diagrammatic view of a memory 
controller 1 9 embodying the invention together with sev- 
eral memory modules. The mmrory controller 19 of Fig- 
ure 3 comprises data latches 3 for latchcng the data 
coming from the memory modules 3, 4, and 5 on th© 
data bus 2; these memory modules may for instance bo 
comprised of SDRAM modules. The data latehes 6 are 
enabled by a strobe signal on an input 9. A memory 
clock signal MEMCLK is present on a clock On© 7. In th@ 
same general manner descr&ed above in relation to the 
prior art, the strobe signal causes data to be reed into 
the latches 6 every clock cycle, this data being only 
treated as valcd a pr&d&wmnod number of MEMCLK 
cycles after assertion of the CTRL signal. 
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In accordance with the present invention the mem- 
ory controller 19 comprises programmable means 20 
for producing the strobe signal in a programmed timing 
relation to the clock signal MEMCLK. These program- 
mable means can be used for programming the strobe 5 
delay according to the memory configuration, so as to 
ensure correct data reading relative to the CTRL signal 
(it being possible to time the strobe signal from the 
MEMCLK signal because the memory data read signal 
CTRL is also timed from the MEMCLK signal). As w 
shown in Figure 3, the means 20 may for instance com- 
prise a programmable delay line connected between the 
memory clock line 7 and the enabling input 9 of the data 
latches 6. This programmable delay line may comprise 
a programmable register that determines the delay 15 
duration in known manner. This makes the program- 
ming of the strobe delay easy to implement through a 
simple software programming of one register of the 
memory controller. 

The range and granularity of the strobe delay may 20 
depend on the implementation. As an example, a range 
off 2 to 10 nanoseconds, and a granularity of 150 pico- 
seconds were found to be sufficient for a memory con- 
troller accessing up to 4 memory SDRAM modules, at a 
clock frequency of 125 MH2. If the programmable 2s 
means 20 comprise a register of the memory controller 
the size of this register is determined by the range and 
granularity of the strobe delay. 

Figure 3 only shows the components of the mem- 
ory controller necessary for the understanding off the 30 
present invention. The other components of the mem- 
ory controller 19 are not represented. For instance in 
the present embodiment the memory controller will 
include circuitry for enabling reading of the data latches 
6 only a predetermined number of MEMCLK cycles 36 
after assertion off the CTRL and this circuitry is not rep- 
resented in Figure 3. 

Off course, it would also be possible to implement 
the present invention in a memory controller off the Fig- 
ure 1 fform by deriving the strobe signal ffrom the control 40 
signal CTRL using a programmable delay line. Because 
the CTRL signal is timed from the MEMCLK signal, this 
embodiment like that of Figure 3, times the strobe signal 
relative to the MEMCLK signal though in this case indi- 
rectly. 45 

Whichever implementation is used, the memory 
controllers embodying this invention allow programming 
of the strobe signal delay according to the circum- 
stances, for instance according to memory modules 
configuration, accorcSng to memory load, and so on. It so 
allows the memory controller to run at full speed reliably 
in any memory configuration, notwithstanding variations 
in load on the memory bus and the actual configuration 
off the memory controller. 

As regards the programming off the strobe signal ss 
delay into the programmable means, this may be don© 
whenever necessary. In a preferred embodiment of th® 
invention, the means 20 for deriving the strobe signal 



are programmed by a delay-programming functional 
block or unit 25 at power-on of the memory controller, to 
ensure that any change in the memory configuration is 
properly taken into account It is also posstole to pro- 
ceed with the programming whenever a change of the 
memory configuration is detected. The unit 25 for pro- 
gramming thQ programmable means 20 may tak® tft© 
form off dedicated hardware circuitry provided internally 
or externally of the memory controller or by a system 
microprocessor operating under firmware control. 

Figure 4 is a flow chart of a method for program- 
ming the strobe signal delay in accordance with the 
invention. The method of Figure 4 is a simple and quick 
method for programming the means 20 tor deriving the 
strobe signal. In the method off Figure 4, it is assumed 
that the means 20 for deriving the strobe signal can be 
programmed to set a delay A between the memory clock 
signal and the strobe signal. The delay A may be pro- 
grammed in a rang© A^n-An^, with a granularity of g. 

In steps 30-42, the program determines a lowest 
value A_ ensuring a correct reading of the data from the 
memory. 

In step 30, the delay A is set to the minimum value 
Afnjn. The program proceeds to step 31. 

In step 31 . data is written into the memory. The pro- 
gram proceeds to step 32. 

In step 32, data is read from the memory. The pro- 
gram proceeds to step 33. 

In step 33, the data read from the memory is com- 
pared to the data written into the memory. If the data 
read and written are different, the program proceeds to 
step 34. If the data read ami written are not different, the 
program proceeds to step 35. 

In step 34, the delay is incremented by g. The pro- 
gram then proceeds to step 31 . 

By step 35, A has a value which has already pro- 
duced one correct reading off the data in the memory. 
Preferably, this value is checked in steps 36-41 to 
ensure that this value off A gives correct reading off data 
for more than one operation. This reliability test is not 
compulsory, and may be skipped. In this case, the pro- 
gram proceeds directly to step 42. 

In steps 36-41, the reliability off the write/read oper- 
ation with the current value of A is checked, by perform- 
ing i^ write and read operations. In step 36, a 
parameter i is set at 1 . The program proceeds to step 
37. 

In step 37, data is written into the memory. The pro- 
gram proceeds to step 33. 

In step 33, data is read ffrom the memory. The pro- 
gram proceeds to step 39. 

In step 39. the data read ffrom the memory is com- 
pared to the data written into the memory. Iff the data 
read and written are different it is determined that th© 
current value off A is not reliable; the program proceeds 
to step 34. Iff the data read and written are the same, fro 
program proceeds to step 40. 

In step 40, it is checked whether i^ write and read 
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operations have been performed, that is whether 
' > = ' max ■ ,f tW* 'S not the case, the program proceeds 
to step 41. If this is the case, the current value of A has 
proved reliable for +1 write and read operations. 
The program then proceeds to step 42. 

In step 41 . i is incremented by 1 . The program then 
proceeds to step 37. 

In step 42 p the current value of A is stored as A_; 
this value of A is the lowest value for which the reading 
of the data is successful. The value of A is then incre- 
mented by g. The program then proceeds to step 43. 

In steps 43-49 the program determines a value A+ 
for the delay. In the range from A_ to A+, data may be 
read correctly from the memory. 

In step 43, data is written into the memory. The pro- 
gram proceeds to step 44. 

. In step 44, data is read from the memory. The pro- 
gram proceeds to step 45. 

In step 45, the data read from the memory is com- 
pared to the data written into the memory. If the data 
read and written are identical, the program proceeds to 
step 46. If the date read and written are different, the 
program proceeds to step 48. 

In step 46, it has been determined that the current 
value of A is still resulting in at least one correct reading 
of the data from the memory. It is possible, optionally, to 
check whether the current value of A ensures correct 
reading for more that one write/read operation. This 
may be done using program steps similar to steps 36- 
41: however, this reliability test is not compulsory, and 
may be skipped. The current value of A is then com- 
pared to the maximum value A^. If a ° a ^ t the pip- 
gram proceeds to step 49; else, the program proceeds 
to step 47. 

In step 47, the delay A is incremented by g. The pro- 
gram proceeds to step 43. 

In step 48, a value of A giving at least one incorrect 
reading of the data in the memory has been reached. At 
that step it has been determined that values of A 
between a_ and A - g, i.e. the current value of A minus 
one increment ensure correct reeding in the memory. 
The value A - g is stored as A+. The program then pro- 
ceeds to step 50. 

In step 49, it has been determined that the values off 
A between A_ and A mQK result in a correct reading of the 
data in the memory. The value Amax is stored as A+. 
The program then proceeds to step 50. 

By step 50, it has been ascertained that values of A 
between A. and A* result in correct reading of the data. 
The delay A may then be programmed at any value 
within this rang©, e.g. at the value nearest to 
(A+-AJ/2. 

The method of Figure 4 allows for a simple and 
quick setting of the delay A Other methods are possfcte; 
the method off Rgur© 4 may also be modified. For ss 
instance, in the flow chart of Figure 4, each reading step 
follows a writing step; the information which is written 
into the memory may vary for each write/read operation, 
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to ensure correct statistical check of the memory; how- 
ever, it would also be possible to have only one writing 
step, and to read always the same data. It is also possi- 
ble to start by determining A+, and then determine A_, 
the necessary changes being obvious for the person 
skilled in the art. 

In a preferred embodiment of the invention, the 
whole range of delay values is checked to ascertain 
whether there exist several appropriate reading win- 
dows [A_; AJ; if this is the case, a value off A in the larg- 
est window is preferably chosen. Figure 5 shows a 
ftowchart for this method. 

In the first step 60, the delay A is set to the minimum 
va*"® Amin- A parameter j is set to 1. The program pro- 
ceeds to step 61. 

In step 61, a reading range or window [A_; AJ is 
determined, e.g. using steps 31 -49 of Figure 4. The pro- 
gram proceeds to step 62. 

In step 62. the current values of A_ and A+ are 
20 stored as A., and A^. The program then proceeds to 
step 63. 

In step 63, A* is compared to A^. iff a«. is equal to 
^mox. ^ere cannot be any further appropriate window. 
In this case, the program proceeds to step 65. If this is 
not the case, the program proceeds to step 64. 

In step 64, j is incremented by one, and A is incre- 
mented by g. The program then proceeds to step 61. 

In step 65. for ail possible values off j, the difference 
A+j - A.j is computed. The largest difference is deter- 
mined. This provides the largest reading window. The 
program then proceeds to step 66. 

In step 66, delay A is programmed at any value 
within this largest reeding window, e.g. at the value 
nearest to (A^ - . j being the index of the largest 
reading window, as determined in step 65. 

The method of Rgur© 5 ensures that the value for 
the delay is chosen in the largest possible range appro- 
priate for reading data from the memory. 

The description off the best mode of carrying out the 
invention was only given as an example. Other embodi- 
ments of the invention can be used; for instance, a 
method other than the on© depicted in Figure 4 may be 
used for programming the strobe signal delay. It is pos- 
sible to use programming means 20 other than a regis- 
ter in the memory controller, if other suitable 
programming capabilities are provided. 

In e±mon to programming in a particular value for 
the strobe signal delay at predetermined points during 
system operation, the delay-programming unit 25 can 
be arranged to incrementally adjust th® programmed 
delay value in dependence on variations in supply volt- 
age and/or temperature whereby to compensate for any 
urtdesired drifting of the strobe signal during use off the 
memory controller. 

This can be implemented by using a circuit for 
measuring the value of a parameter sensitive to the sig- 
nal delay characteristics in th© memory subsystem. By 
way off example, the measured parameter coutd be th© 
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number of inverters in a chain off inverters needed to 
produce a predetermined signal delay. The unit 25 fur- 
ther comprises means responsive to changes in the 
measured parameter value over time to determine an 
appropriate change in the delay set into the program- 
mable delay 20; these means couEd take the form of a 
look-up table. Once an appropriate change in delay has 
been determined, the unit 25 changes the programmed 
delay by the appropriate amount. 

Although the simplest way off producing the strobe 
signal is to delay either the MEMCLK or CTRL signal as 
described above, it will be appreciated that other ways 
are possible. For example, a separate clock circuit could 
be used to generate the strobe signal, this clock circuit 
being synchronised with the MEMCLK signal in a 
desired phase relation thereto by a suitable phase- 
locked loop. 

Claims 

1 . A memory controller comprising: 

- a clock line (7) tor a clock signal; 

- data receiving means (2) tor connecting to at 
least one memory module (3, 4, 5); 

- data latching means (6) connected to the 
data receiving means (2), for latching data 
under control off a strobe signal; and 

- programmable means (20) for providing said 
strobe signal in programmed timing relation to 
said clock signal. 

2. A memory controller according to claim 1 , wherein 
the programmable means (20) comprise a pro- 
grammable delay operatively connected between 
said clock line (7) and said data latching means (6). 

3. A memory controller according to claim 1, further 
comprising: 

» a memory control line (8) for a memory-read 
signal, and 

- means for producing said memory-read sig- 
nal in timed relation to said clock signal; 

said programmable means (20) being a program- 
mable delay operatively connected between said 
memory-control line and sacd data latching means. 

4. A memory controller according to any one off the 
preceding claims, wherebi th® programmable 
means (20) comprise a programmable register tor 
setting said programmed timing relation. 

5. A system having at least on® memory module, and 
a memory controller according to claim 1 ; said sys- 
tem including delay-programming means for auto- 
matically programming th© programmable means 



for providing the strobe signal. 

6. A system according to claim 5, wherein said pro- 
gramming means effects said programming upon 

s power up of said system. 

7. A system having at least ono memory module and 
a memory controller according to claim 1 ; said sys- 
tem including: 

10 

- first means tor periodically measuring the 
value of a parameter indicative off the signal 
delay characteristics in the system in order to 
detect variations therein, and 

75 - second means responsive to variations in 

said signal delay characteristics detected by 
said first means, to incrementally change the 
programming of said programmable means to 
compensate said programmed timing relation 

20 for said variations. 

S. A method for programming the programmable 
means in a memory controller according to daim 1 ; 
said method, comprising the steps off: 

26 

(a) - programming the programmable means to 
a given value; 

(b) - using the memory controller to write data 
into memory means; 

30 (c) - using the memory controller to read the 

data written into the memory means; 

(d) - determining whether the data read in step 
(b) are identical to the data written in step (c); 

(e) • repeating steps (a) to (d) until step (d) 
3$ gives a positive result tor at least one given 

value. 

(f) - programming the programmable means to 
one of said at least one given value. 

40 9. A method according to claim 8, wherein step (e) 
comprises incrementing said given value, and 
wherein, once step (d) has given a positive result, 
steps (a) to (d) are repeated until step (d) gives a 
negative result 

45 

1®. A method according to claim 8, wherein step (e) 
comprises decrementing safd given value, and 
wherein, once step (d) has given a positive result, 
steps (a) to (d) are repeated until step (d) gives a 
50 negative result 

11. A method according to claim 9 or 10, wherein step 
(0 comprises chosing a value among a range off val- 
ues for which step (d) gives a positive resutt. 

S3 

12. A method according to claim 8, wherein step (e) is 
repeated for aB possible programmable values. 
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13. A method according to claim 12, wherein step (1) 
comprises: 

(g) determining ranges of values for which step 
(d) gives a positive result; 5 

(h) determining the largest of these ranges of 
values; 

and wherein the programmable means are pro- 
grammed to a value comprised in the largest of said io 
ranges. 

14. A method for enhancing the reliability of data read- 
ing in a memory controller, comprising program- 
ming a delay between a clock signal (10) and a is 
reading strobe signal. 

15. A method according to claim 14, wherein said pro- 
gramming is carried out at power-on of the memory 
controller. ^ 

16. A method according to claim 14, wherein said pro- 
gramming is carried out to compensate for voltage 
variations. 

25 

17. A method according to claim 14, wherein said pro- 
gramming is carried out to compensate for varia- 
tions in processing load. 

18. A method according to claim 14, wherein said pro- 30 
gramming is carried out to compensate for tenper- 
ature variations. 
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